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THE CLAIMS 



WHAT IS CLAIMED IS: 




1. A semiconductor wafer cleaning formulation, comprising the following components in the 
percentage by weighttranges shown, based on the total weight of such components: 



10 



fluoride source 
organicpmine(s) 
20-55%' 

a nitrogenous component, selected from nitrogen-containing 
carboxyli^ acids and imines 
water 

metal chelating agentfo 



1-21% 



0.5-40% 
23-50% 
0-21% 



TOTAL 



100% 



15 



2. The cleaning formulation of claim 1 wherein said fluoride source comprises a fluoride species 
selected from the group consisting of: 
ammonium fluoride; anc 
triethanolammonium fludjride (TEAF). 



3. The cleaning formulation of qlaim 1 wherein said organic amine(s) comprise an amine selected 
from the group consisting of: 
diglycolamine (DGA), 
methyldiethanolamine (MDE&), 
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pentamethyldietffiylenetriamine (PMDETA), 
triethanolamine ffTEA), and 
triethylenediamine (TED A). 

4. The cleaning formulation of claim 1 wherein said nitrogenous component comprises a species 
selected from the group consisting of: 

iminodiacetic acid (I|DA); 
glycine; 

nitrilotriacetic acid (I|TA); and 
1 , 1 ,3,3-tetramethylguanidine (TMG). 

5. The cleaning formulatior\ of claim 1 including at least one metal chelating agent selected from 
the group consisting of: 

acetoacetamide, 
ammonium carbamate, 

ammonium pyrrolidinediijhiocarbamate (APDC), 
dimethyl malonate, 
methyl acetoacetate, 
N-methyl acetoacetamide, 
2,4-pentanedione, 

tetramethylammonium thiobfenzoate, 
tetramethylammonium trifluAroacetate, and 
tetramethylthiuram disulfide ATMTDS). 
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6. The cleaning fori lulation of claim 1 wherein said fluoride source comprises a species selected 
from the group consistii lg of: 
ammonium fluoride, 
triethanolammomium fluoride (TEAF), 
diglycolammonimm fluoride (DGAF), 
tetramethylammopium fluoride (TMAF), and 
triethylamine tris fthydrogen fluoride) (TREAT-HF). 



7. The cleaning formulation of claim 1 wherein said organic amine(s) comprises an amine 
selected from the group consisting of: 
10 diglycolamine (DGA), 

methyldiethanolamime (MDEA), 
pentamethyldiethylei letriamine (PMDETA), 
triethanolamine (TEA), 
triethylenediamine (TEDA), 
1 5 hexamethylenetetramipe, 

3, 3-iminobis (N,N-dirJiethylpropylamine), and 

i 

monoethanolamine. 



8. The cleaning formulation 
from the group consisting of: 



of claim 1, wherein said nitrogenous component comprises a species 



iminodiacetic acid (IDA 
glycine 
nitrilotriacetic acid (NT4) 
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1,1,3,-tetrame^ ylguanidine (TMG) 



CH 3 C(=NCH 2 C H 2 OH)CH 2 C(0)N(CH 3 )2 
CH 3 C(=NCH 2 Cfi20CH 2 CH 2 OH)CH 2 C(0)N(CH3)2 
CH 3 C(=NH)CH]C(0)CH 3 
(CH 3 CH 2 ) 2 NC(=NH)N(CH 3 CH 2 ) 2 
HOOCCH 2 N(CH\) 2 
HOOCCH 2 N(CH 3 l)CH 2 COOH 



9. The cleaning formulation of claim 1 wherein said fluoride source comprises a species selected 
from the group consisting of 

Ammonium fluoride, 

triethanolammoniurm fluoride (TEAF), 

diglycolammonium fluoride (DGAF), 

tetramethylammonium fluoride (TMAF), and 

triethylamine tris (hyflrogen fluoride) (TREAT-HF); 
said organic amine(s) comprise a species selected from the group consisting of: 

diglycolamine (DGA)J 

methyldiethanolamine iMDEA), 

pentamethyldiethylenetliamine (PMDETA), 

triethanolamine (TEA), 1 

triethylenediamine (TEElA), 

hexamethylenetetramine,\ 

3, 3-iminobis (N,N-dimet^ylpropylamine), and 

monoethanolamine; 

said nitrogenous component comprises a species selected from the group consisting of: 
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iminodiacetic acid (IDA) 
glycine \ 

nitrilotriacetip acid (NT A) 

1 , 1 ,3,3-tetramethylguanidine (TMG) 
and said formulation includes a metal chelating agent comprising a species selected from the group 
consisting of: I 

acetoacetamidel 

ammonium carbamate, 

ammonium pyrrcuidinedithiocarbamate (APDC), 
dimethyl malonatfe, 
methyl acetoacetafe, 
N-methyl acetoacelamide, 
2,4-pentanedione, \ 
tetramethylammonium thiobenzoate, 
tetramethylammoniuAi trifluoroacetate, and 
tetramethylthiuram dikilfide (TMTDS). 

10. The cleaning formulationiof claim 1 wherein said fluoride source comprises a compound 
having the general formula R1RIR3R4NF in which each of the R groups is independently selected 
from hydrogen atoms and aliphatic groups, and wherein said formulation includes a metal chelating 
agent of the formula: \ 

X-CHR-Y, in which \ 

R is either hydrogen or an aliphatic group and 

X and Y are functional grobps containing multiply bonded moieties having electron- 
withdrawing properties. 1 
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11. The cleaning formulation oft claim 10 wherein each of X and Y is independently selected from 
CONH 2 , CONHR\ CN, -N0 2 , SOR\ and S0 2 Z in which R' is alkyl and Z is hydrogen, halo, or alkyl. 

12. The cleaning formulation of claim 1 wherein said fluoride source comprises a compound having 
the formula R1R2R3R4NF in which leach of the R groups is hydrogen or aliphatic, and wherein said 

5 formulation includes a metal chelating agent of the formula, R t R 2 R 3 R4N + "0 2 CCF 3 in which each of 
the R groups is independently hydrogen or aliphatic. 

13. The cleaning formulation of jclaim 1, wherein said nitrogenous component includes a 
compound having the formula: 

10 COOH-CH 2 -NRR' 

wherein each of R and R' is independently selected from the group consisting of hydrogen, 
alkyl, aryl, and carboxylic acids. 

14. A method for fabricating a semiconductor wafer, comprising: 

plasma etching a metalized layer fqpm a surface of the wafer; 
1 5 plasma ashing a resist from the surftce of the wafer; 

cleaning the wafer by contacting same with a cleaning formulation, comprising the following 
components in the percentage by weight Ranges shown, based on the total weight of such 
components: 
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fluoride source \ 1-21 % 

organic amine(s) \ 20-55% 

a nitrogenous component, selected^from nitrogen-containing 

carboxylic acids and imines I 0.5-40% 
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water 

metal chelating agent(s) 



23-50% 
0-21% 



TOTAL 



100% 



5 15. The method of claim \l 4 wherein said fluoride source comprises a fluoride species selected 
from the group consisting of:\ 

ammonium fluoride; Aid 
triethanolammonium fluoride (TEAF). 

16. The method of claim 14 ^herein said organic amine(s) comprise an amine selected from the 
1 0 group consisting of: 

diglycolamine (DGA), 
methyldiethanolamine (MpEA), 
pentamethyldiethylenetriamine (PMDETA), 
triethanolamine (TEA), an(j 
15 triethylenediamine (TEDA)l 

17. The method of claim 14 wherein said nitrogenous component comprises a species selected 
from the group consisting of: 



iminodiacetic acid (IDA); 
glycine; 

nitrilotriacetic acid (NTA); and 
1 , 1 ,3,3-tetramethylguanidine (TMG) 
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10 



18. The method of claim 14 including at least one metal chelating agent selected from the group 
consisting of: 

acetoacetamide, 
ammonium carbamate, 

ammonium pyrrolidinedithi^carbamate (APDC), 
dimethyl malonate, 
methyl acetoacetate, 
N-methyl acetoacetamide, 
2,4-pentanedione, 

tetramethylammonium thiobenA)ate, 
tetramethylammonium trifluorodpetate, and 
tetramethylthiuram disulfide (TMTDS). 



19. The method of claim 14 wherein sa\d fluoride source comprises a species selected from the 
group consisting of: 
15 ammonium fluoride, 

triethanolammonium fluoride (TEAF)\ 
diglycolammonium fluoride (DGAF), 
tetramethylammonium fluoride (TMAFl and 
triethylamine tris (hydrogen fluoride) (TREAT-HF). 

20 20. The method of claim 14 wherein said organif amine(s) comprises an amine selected from the 
group consisting of: 

diglycolamine (DGA), 
methyldiethanolamine (MDEA), 
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pentamethyldiethylenetriamine (PMDETA), 
triethanolamine (1EA), 
triethylenediamineuTEDA), 
hexamethylenetetramine, 
3, 3-iminobis (N,N-d|methylpropylamine), and 
monoethanolamine. 

21. The method of claim 14,\wherein said nitrogenous component comprises a species from the 
group consisting of: 

iminodiacetic acid (IDA) 
glycine 

nitrilotriacetic acid (NTA) 
1 , 1 ,3,-tetramethylguanidine (tMG) 
CH 3 C(=NCH2CH 2 OH)CH 2 C(Q)N(CH3)2 
CH 3 C(=NCH2CH 2 OCH 2 CH20l\)CH 2 C(0)N(CH3)2 
CH 3 C(=NH)CH 2 C(0)CH 3 
(CH 3 CH 2 ) 2 NC(-NH)N(CH 3 CH 2 ) 2 

HOOCCH 2 N(CH 3 ) 2 
HOOCCH 2 N(CH 3 )CH 2 COOH 

22. The method of claim 14 wherein said f\uoride source comprises a species selected from the 
group consisting of: 

ammonium fluoride, 
triethanolammonium fluoride (TEAF), 
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diglycolamnionium fluoride (DGAF), 
tetramethylammonium fluoride (TMAF), and 
triethylamineltris (hydrogen fluoride) (TREAT-HF); 
said organic amine(s) comprise a species selected from the group consisting of: 
diglycolaminel(DGA), 
methyldiethandlamine (MDEA), 
pentamethyldiemylenetriamine (PMDETA), 
triethanolamine ftTEA), 
triethylenediamind (TED A), 
hexamethylenetetramine, 
3, 3-iminobis (N,N-pimethylpropylamine), and 
monoethanolamine; \ 

said nitrogenous component comprises a species selected from the group consisting of: 

iminodiacetic acid (ID A) 

glycine \ 

nitrilotriacetic acid (NTA)\ 

1,1,3,3-tetramethylguanidinip (TMG) 
and said formulation includes a metkl chelating agent comprising a species selected from the group 
consisting of: \ 

acetoacetamide, \ 

ammonium carbamate, \ 

ammonium pyrrolidinedithiocarlkmate (APDC), 

dimethyl malonate, \ 

methyl acetoacetate, \ 

N-methyl acetoacetamide, \ 
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E 



10 



2,4-pentaneAione, 

tetramethylai nmonium thiobenzoate, 
tetramethylai unonium trifluoroacetate, and 
tetramethylth uram disulfide (TMTDS). 

23. The method of claim 14 wherein said fluoride source comprises a compound having the 
general formula RiR;R 3 R4NF in which each of the R groups is independently selected from 
hydrogen atoms and al phatic groups, and wherein said formulation includes a metal chelating agent 
of the formula: 

X-CHR-Y, in wthich 

R is either hydrogen or an aliphatic group and 

X and Y are functional groups containing multiply bonded moieties having electron- 
withdrawing properties. 



24. The method of claim E3 wherein each of X and Y is independently selected from CONH 2 , 
15 CONHR', CN, N0 2 , SOR\ Ld S0 2 Z in which R' is alkyl and Z is hydrogen, halo, or alkyl. 

25. The method of claim 14 vdherein said fluoride source comprises a compound having the formula 
R1R2R3R4NF in which each oflthe R groups is hydrogen or aliphatic, and wherein said formulation 
includes a metal chelating agent W the formula, R 1 R 2 R 3 R 4 N f '0 2 CCF 3 in which each of the R groups 
is independently hydrogen or alipnatic. 



20 



26. The method of claim 14, wherein said nitrogenous component includes a compound having the 
formula: 

COOH-CH 2 -NRR' 
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wherein eafth of R and R' is independently selected from the group consisting of hydrogen, 
alkyl, aryl, and carbckylic acids. 



27. A method for fabricating a semiconductor wafer including the steps comprising: 
5 plasma etching\a metalized layer from a surface of the wafer; 

plasma ashing alresist from the surface of the wafer; 
cleaning the wafer by contacting same with a cleaning formulation, comprising the following 
components in the percentage by weight ranges shown, based on the total weight of such 



components: \ 

10 a fluoride source; \ 1-21% 

at least one organic amine; 20-55% 

a nitrogen-containinglcarboxylic acid or imine 0.5-40% 

water; \ 23-50% 

at least one metal chelating agent 0-21% 

15 TOTAL 1 100% 



28. The method of claim 27 wherein said fluoride source is chosen from the group consisting of: 
ammonium fluoride; and \ 
triethanolammonium fluoriqe (TEAF). 

20 29. The method of claim 27 whereinWid organic amine is chose from the group consisting of: 
diglycolamine (DGA), \ 
methyldiethanolamine (MDEA),\ 
pentamethyldiethylenetriamine (PMDETA), 
triethanolamine (TEA), and 1 
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triethylenediamnne (TEDA). 

30. The method of claim 27 wherein said nitrogen-containing carboxylic acid or imine is selected 
from the group consisting qf: 

iminodiacetic acid (IpA) 
glycine 

nitrilotriacetic acid (Np\) 
1 ,1 ,3,3-tetramethylguanidine (TMG) 



31. The method of claim 27 ^herein said metal chelating agent is selected from the group 
consisting of: 

acetoacetamide, 
ammonium carbamate, 

ammonium pyrrolidinedithioc^rbamate (APDC), 
dimethyl malonate, 
methyl acetoacetate, 
N-methyl acetoacetamide, 
2,4-pentanedione, 

tetramethylammonium thiobenzoatd 
tetramethylammonium trifluoroaceta\e, and 
tetramethylthiuram disulfide (TMTDS 

32. The method of claim 27 wherein said fluotide source is selected from the group consisting of: 
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ammonium fluoride 
triethanolammonium fluoride (TEAF), 
diglycolammonium fluoride (DGAF), 
tetramethylammoniumi fluoride (TMAF), and 
triethylamine tris (hydrogen fluoride) (TREAT-HF). 



10 



15 



33. The method of claim 27 ^herein said organic amine is selected from the group consisting of: 

diglycolamine (DGA), 
methyldiethanolamine (IklDEA), 
pentamethyldiethylenetria^nine (PMDETA), 
triethanolamine (TEA), 
triethylenediamine (TEDA),^ 
hexamethylenetetramine, 
3, 3-iminobis (N,N-dimethylpi^pylamine), and 
monoethanolamine. 

34. The method of claim 27, wherein s^id nitrogen-containing carboxyl acid or imine is selected 
from the group consisting of: 

iminodiacetic acid (IDA) 
glycine 

nitrilotriacetic acid (NT A) 
l,l,3rtetramethylguanidine (TMG) 
CH 3 C(=NCH 2 CH 2 OH)CH 2 C(0)N(CH3)2 
CH 3 C(=NCH 2 CH20CH 2 CH 2 OH)CH 2 C(OM(CH3) 2 
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CH 3 C(=NH)CH 2 C(0)CH 3 
(CH 3 CH2)2NC(Wh)N(CH 3 CH2)2 
HOOCCH 2 N(CH 3 ) 2 
HOOCCH 2 N(CH 3 )CH 2 COOH 

35. The method of claim\27 wherein said fluoride source is selected from the group consisting of: 
ammonium fluoride 
triethanolammoniuni fluoride (TEAF), 
diglycolammonium fftioride (DGAF), 
tetramethylammoniumlfluoride (TMAF), and 
triethylamine tris (hydrogen fluoride) (TREAT-HF); 
said organic amine is chosen fro^i the group consisting of: 
diglycolamine (DGA), 
methyldiethanolamine (MOEA), 
pentamethyldiethylenetriamine (PMDETA), 
triethanolamine (TEA), \ 
triethylenediamine (TED A), 
hexamethylenetetramine, 
3, 3-iminobis (N,N-dimethylprop)N amine), and 
monoethanolamine; 

said nitrogen-containing carboxylic acid or inline is chosen from the group consisting of: 

iminodiacetic acid (IDA) 
glycine 

nitrilotriacetic acid (NTA) 
1 , 1 ,3,3-tetramethylguanidine (TMG) 
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and said metal chelating agent is selected from the group consisting of: 
acetoacetamide, 
ammonium\carbamate, 

ammonium pyrrolidinedithiocarbamate (APDC), 
dimethyl mal©nate, 
methyl acetoaoetate, 
N-methyl acetoacetamide, 
2,4-pentanedione\ 
tetramethylammonmm thiobenzoate, 
tetramethylammoniuYn trifluoroacetate, and 
tetramethylthiuram disulfide (TMTDS). 

36. The method of claim 27\wherein said fluoride source comprises a compound having the 
formula R1R2R3R4NF in which each of the R groups is hydrogen atoms or aliphatic, and wherein said 
metal chelating agent has the formula: 

X-CHR-Y, in which \ 

R is either hydrogen or an aliphatic group, and 

X and Y are functional groups containing multiply-bonded moieties having electron- 
withdrawing properties. \ 

fluoride source comprises a compound having the 
oups is hydrogen or aliphatic, and wherein said metal 
JbCCF 3 in which each of the R groups is hydrogen or 



37. The method of claim 27 wherein 
formula R1R2R3R4NF in which each of the R j 
chelating agent has the formula, RiR 2 R3R4N + " 
aliphatic. 
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38. The mfethodof claim 27, wherein said nitrogen-containing carboxylic acid has the formula: 
COOH-CH 2 -NRR' 

wherein each of R and R' is independently selected from the group consisting of hydrogen, 
alkyl, aryl, and iarboxylic acid. 



10 



39. A method o\ removing residue from a wafer following a resist plasma ashing step on said 
wafer, comprising contacting the wafer with a cleaning formulation, including (i) a fluoride source, 
(ii) at least one organiAamine, (iii) a nitrogen-containing carboxylic acid or an imine, (iv) water, and 
optionally at least one m&al chelating agent. 

40. A wafer cleaning formulation, including (i) a fluoride source, (ii) at least one organic amine, (iii) 
a nitrogen-containing carboxylic acid or an imine, (iv) water, and optionally at least one metal 
chelating agent. 
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